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FIELD OF THE DISCLOSURE 

[0001] The invention relates generally to buffer circuits, and more particularly to 
buffer circuits capable of providing current gain at radio frequencies. 

BACKGROUND 

[0002] In many integrated circuits it is common to isolate a signal source from a load 
by buffering. One advantage of buffering is that it can be used to prevent a large load 
from interfering with the operation of the signal source. Thus a well-designed buffer 
will provide a much smaller load impedance to the signal source than the load being 
driven by the buffer. 

[0003] In some circumstances the buffer is required not only to isolate the load but 
also to translate the signal output by the signal source from one voltage level to 
another. For example in modern complementary metal oxide semiconductor (CMOS) 
integrated circuit fabrication processes, it is common to have multiple gate oxide 
thicknesses to accommodate both high-voltage and low-voltage transistors. The 
thicker gate oxide of the high voltage transistors make them able to withstand higher 
gate voltages without causing harmful stress to their gate oxide. Thus they may be 
used in higher voltage circuits. For example, a digital input buffer may use high- 
voltage transistors to receive an external signal that varies between 0 and 3.0 volts. 

[0004] Sometimes an external signal source or a circuit using high voltage transistors 
produces a time-varying (AC) signal with a relatively large peak-to-peak voltage. 
Since this signal must be subsequently processed in circuitry using low-voltage 
transistors, the buffer must also scale the peak-to-peak voltage so that it does not 
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damage the low-voltage transistors. Some such circuits are known for radio 
frequency (RF) applications, and as used herein, a radio frequency signal means an 
electrical signal conveying useful information and having a frequency from about 3 
kilohertz (kHz) to thousands of gigahertz (GHz), regardless of the medium through 
which such signal is conveyed. Thus an RF signal may be transmitted through air, 
free space, coaxial cable, fiber optic cable, etc. 

[0005] However modern CMOS processes have made more RF processing possible 
on-chip. At the same time, new buffers suitable for isolating loads from signal 
sources and translating signals from one voltage level to another are needed. 

BRIEF SUMMARY 

[0006] Thus in one form the present invention provides a buffer including a capacitor 
and first and second transistors. The capacitor has a first terminal for receiving an 
input signal, and a second terminal. The first transistor has a first current electrode 
coupled to a first power supply voltage terminal for receiving a first power supply 
voltage, a control electrode coupled to the second terminal of the capacitor, and a 
second current electrode for providing an output signal of the buffer. The second 
transistor has a first current electrode coupled to the second current electrode of the 
first transistor, a control electrode coupled to the second terminal of the capacitor, and 
a second current electrode coupled to a second power supply voltage terminal for 
receiving a second power supply voltage. The input signal has a peak-to-peak voltage 
swing equal to a first voltage. A voltage difference between the first power supply 
voltage and the second power supply voltage is equal to a second voltage that is lower 
than the first voltage. A capacitance of the capacitor is chosen such that a peak-to- 
peak voltage swing at the control electrodes of the first and second transistors is less 
than or equal to the second voltage. 

[0007] In another form the present invention provides a circuit including a signal 
source and a buffer. The signal source has an output terminal for providing a time- 
varying signal having a peak-to-peak signal swing equal to a first voltage. The buffer 
is coupled to first and second power supply voltage terminals for respectively 
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receiving first and second power supply voltages thereon, and has an input terminal 
coupled to the output terminal of the signal source, and an output terminal. A 
difference between the first and second power supply voltages is equal to a second 
voltage that is less than the first voltage. The buffer includes a capacitor and first and 
second transistors. The capacitor has a first terminal coupled to the output terminal of 
the signal source, and a second terminal. The first transistor has a first current 
electrode coupled to the first power supply voltage terminal, a control electrode 
coupled to the second terminal of the capacitor, and a second current electrode for 
providing an output signal of the buffer. The second transistor has a first current 
electrode coupled to the second current electrode of the first transistor, a control 
electrode coupled to the second terminal of the capacitor, and a second current 
electrode coupled to the second power supply voltage terminal. A capacitance of the 
capacitor is chosen such that a peak-to-peak voltage swing at the control electrodes of 
the first and second transistors is less than or equal to the second voltage. 

[0008] In yet another form the present invention provides a method of buffering an 
input signal having a peak-to-peak voltage equal to a first voltage. The first voltage is 
capacitively divided using a capacitive divider formed by a capacitor having a first 
terminal for receiving the input signal and a second terminal in series with a parasitic 
capacitance formed by control electrodes of first and second transistors to provide a 
second signal at the second terminal of the capacitor having a peak-to-peak voltage 
equal to a second voltage. The second signal is buffered using a buffer that includes 
the first and second transistors and is driven by a power supply voltage that is less 
than the first voltage and greater than or equal to the second voltage. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present disclosure may be better understood, and its numerous features 
and advantages made apparent to those skilled in the art by referencing the 
accompanying drawing, in which like reference numbers indicate similar or identical 
items. 
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[0010] FIG. 1 illustrates in partial schematic and partial block diagram form a circuit 
using a buffer in accordance with the present invention. 

[0011] FIG. 2 illustrates in schematic form a small-signal mode of buffer 40 of FIG. 1 
without considering AC coupling capacitor 42. 

[0012] FIG. 3 illustrates schematic form a small-signal mode of buffer 40 of FIG. 1 
that takes into account AC coupling capacitor 42. 

[0013] FIG. 4 illustrates in schematic form a small signal model of buffer 40 of FIG. 
1 that takes into account the gate-drain overlap capacitance. 

[0014] FIG. 5 illustrates in schematic form an input impedance model of the buffer of 
FIG. 1. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] FIG. 1 illustrates in partial schematic and partial block diagram form a circuit 
20 using a buffer 40 in accordance with the present invention. Circuit 20 includes 
generally a signal source 30, buffer 40, an interconnect line 50, and a load 60. Signal 
source 30 provides a time- varying (AC) signal to an output terminal thereof 
referenced to a ground terminal. Signal source 30 may be any number of circuits 
including a voltage controlled oscillator (VCO), an external clock or oscillator, an 
output of a radio frequency (RF) amplifier, a modulator, etc. Buffer 40 includes 
generally a capacitor 42, a P-channel metal-oxide-semiconductor (MOS) transistor 44, 
an N-channel MOS transistor 45, and a resistor 46. Capacitor 42 has a first terminal 
connected to the output terminal of signal source 30 at a node 41, and a second 
terminal connected to a node 42. Transistor 44 has a source connected to a first 
power supply voltage terminal for receiving a first power supply voltage, a gate 
connected to the second terminal of capacitor 42 at node 43, and a drain connected to 
an output node 47. The first power supply voltage is a relatively low positive power 
supply voltage having a nominal value of about 1.2 volts. Transistor 45 has a drain 
connected to the drain of transistor 44 at node 47, a gate connected to the second 
terminal of capacitor 42 at node 43, and a source connected to a second power supply 
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voltage terminal for receiving a second power supply voltage, designated ground, 
having a nominal voltage of about 0 volts. Resistor 46 has a first terminal connected 
to the second terminal of capacitor 42 at node 43, and a second terminal connected to 
the drains of transistors 44 and 45 at node 47. Interconnect line 50 has a first end 
connected to the drains of transistors 44 and 45 at node 47, and a second end. Load 
60 is in the form of a capacitor having a first terminal connected to the second end of 
interconnect line 50, and a second terminal connected to ground. 

[0016] Buffer 40 translates an AC input signal having a relatively high peak-to-peak 
voltage swing on provided by signal source 30 to node 41 into a second signal having 
a smaller peak-to-peak voltage swing at node 47. In the illustrated embodiment the 
voltage swing on the signal at node 41 is about 3.5 volts, and the power supply 
voltage for buffer 40 is about 1.2 volts. Buffer 40 uses capacitive voltage division 
between the capacitance of capacitor 42 and the parasitic gate capacitances of 
transistors 44 and 45 to reduce this signal swing to about 1 .2 volts (the first power 
supply voltage) or less. Thus buffer 40 can use faster low- voltage transistors while 
reducing the loading seen by signal source 30 and hence power consumption. 

[0017] The voltage swing at node 43 is equal to 

V43~ Ca2 -3.5V [1] 

C42 +Cg.v 



wherein C42 is the capacitance of capacitor 42, and Cgs is the combined capacitance 
of the parasitic gate-to-source capacitors of transistors 44 and 45. By choosing C42 to 
be a little larger than Cgs, the voltage swing at node 43 can be reduced to about 1 .2 V, 
which is small enough to avoid stressing low voltage transistors 44 and 45. Buffer 40 
implements capacitive voltage division using the parasitic gate-to-source capacitance 
of transistors 44 and 45. This voltage transformation also forms an impedance 
transformation that reduces the load seen by signal source 30. The electrical 
characteristics of buffer 40 will now be further explained with reference to FIGs. 2-5 
below. 
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[0018] FIG. 2 illustrates in schematic form a small-signal model 80 of buffer 40 of 
FIG. 1 without considering AC coupling capacitor 42. The current gain can be 
expressed as: 

- = [2] 
ii 2tt/C S s 1 J 

wherein g m is the transconductance of the combination of transistors 44 and 45. 

[0019] FIG. 3 illustrates in schematic form a small-signal model 90 of buffer 40 that 
takes into account AC coupling capacitor 42. The current gain is identical to that of 
the circuit in FIG. 2. For the same load current, i 2 , an identical /, is required. The 
corresponding input voltage, VV, however, must now satisfy: 



C42 ; 



[3] 



Thus the addition of AC coupling capacitor 42 enhances the input impedance, 

) 

a factor of 



(C v -1^42^ 

Z[ = FJ'//, by a factor of — , which in the present example is equal to about 

V C42 s 



2. Alternatively, the input capacitance of buffer 40 is 

C42 



C42 + Cgs, 

x smaller than the circuit modeled in FIG. 2. Buffer 40 takes advantage of 

C42 + Cgs 

the large available input voltage to reduce the source loading impedance. 
Incorporating the input capacitance of transistors 44 and 45 in buffer 40 yields a 
clean, efficient result. 

[0020] The input conductance of a capacitively loaded inverter has a real (i.e. a 
resistive) loss component due to gate-drain overlap capacitance. FIG. 4 illustrates in 
schematic form a small signal model 100 of buffer 40 of FIG. 1 taking into account 
the gate-drain overlap capacitance. Assuming the transfer function is only slightly 
perturbed by the gate-to-drain capacitance (C g( j) 3 the gain G can be expressed as: 
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Gtf»)-£«-^«y-*L_ [4] 

Vin CloadJCO Cload CO 



wherein Ci oa d is the capacitance of load capacitor 60. The current in the gate-to-drain 
overlap capacitor can then be expressed as: 

* (1 - G)C 8 d ■ ja> = { 1 - j-^-)c 8 djo? = g».-^- +jC g d<» [5] 

Vin \ Cload CO J Cload 



The equivalent input conductance is 



Cud 



By design, — « 1 at the frequency of interest, therefore G/» « ^yC^ . 

C/oo^ • co 

Note that this result resembles a capacitive conductance, but it is a real (i.e. resistive) 
loss. The phase relationship of V G versus V in results in a gate-to-drain current i gd that 
is in phase with Vj n , and the inventors have confirmed this result in circuit 
simulations. Short-channel MOS transistors, being narrower for a given g m , generally 
have a lower C g d and lower conductive losses. Thus buffer 40 also reduces these 
conductive losses. 

10021] FIG. 5 illustrates in schematic form an input impedance model 110 of buffer 
40 of FIG. 1 . In model 1 1 0 the real equivalent conductance is modeled as a resistor 
with a resistance equal to Gin. If the complex input impedance is designated Y'i n , then 

T ^ = CAl-jCOjGin+Cgs-jCO) 
Gin+jCD(Cgs+C42) 



and the real component G'i n is: 
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G'in = Re{Y'm} = 



GmC aSq) 2 



Gin 2 MCgs+Cnfco 2 



At high frequencies: 



[9] 



For example, if C*2 < C S s , then 




[10] 



4 



At very high frequencies, such as 8 gigahertz (GHz) in a 0.13 micron CMOS process, 
buffer 40 saves substantial power consumption and reduces critical loading on the 
signal source. 

[0022] Thus buffer 40 provides low input impedance and low conductive losses. 
Buffer 40 uses the inherent parasitic capacitance of MOS transistors in conjunction 
with another capacitor to form a capacitive divider to reduce the voltage swing of an 
AC signal presented to the MOS transistors. This voltage swing reduction allows the 
use of fast, low- voltage transistors having relatively-thin gate oxide without stressing 
the gate oxide. 
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